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1
BULKHEAD-FLUID-LINE CONNECTOR

DESCRIPTION

1. Technical Field

This invention relates generally to connectors and
more particularly to connectors for sealably coupling
fluid lines which conduct pressurized fluid through a
bulkhead or partition. |
-2 Background Art

In order to join external and internal fuel supply lines
passrng through the wall of an engine cylinder head or
valve-rocker-arm cover, it has been conventional prac-
tice to create at least two _]omts in the fuel supply path
at that location by connecting an elongated bulkhead
adapter or union between the fuel lines.

In U.S. Pat. No. 3,402,703 issued to Dickerson et al
on Sept. 24, 1968 and U.S. Pat. No. 3,489,435 issued to
Weber et al on Jan. 13, 1970, such an adapter has at each
end a conical counterbore and an externally or inter-
nally threaded end portion. Each fuel line has a fitting
or nut which tightens onto the respective threaded end
portion of the adapter and forces, by means of an inter-
mediate slideable ferrule or collar, the end of the respec-
tive fuel line against the reSpectwe comcal counterbore
of the adapter. |

Some disadvantages of this typlcal bulkhead fuel line
connection, having multiple joints in the fuel supply
path, are that assembly of the two fuel lines through the
bulkhead is relative]y complex and time-consuming,
and each additional joint in the fuel supply path may
also present more opportunity for improper assembly
and consequential high pressure fuel leakage.

- Furthermore, it is desirable to minimize the amount
of vibration developed in the internal and external fuel
lines by securing them to the low-frequency-vibrating
engine cylinder head or valve-rocker-arm cover. In
U.S. Pat. No. 3,402,703, the adapter has external threads
which fit a threaded opening in the bulkhead. However,
such a securing means is not satisfactory where the
‘adapter is typically made of steel and the bulkhead is
made of a lighter weight yet softer material such as
aluminum. In such a case, the adapter may be accidently
over tightened or over torqued thereby over stressing
the bulkhead or even strlppmg the 1nternal threads in
‘the bulkhead opening.

The present invention is dlrected to overcoming one
or more of the problems as set forth above.

DISCLOSURE OF THE INVENTION

In one aspect of the present invention a bulkhead-
fluid-line connector is disclosed comprising an end por-
tion formed on a first line; another end portion formed
~ on a second line, the end portions being sealably matea-
bly complementarity; and means for releasably coupling
the fluid line end surfaces in direct surface-to-surface
sealable contact. | S
- Conventional bulkhead-fuel-line adapters require a
plurality of fuel path joints between the external and
internal fuel supply lines. Such a configuration is rela-
‘tively complex, time-consuming to assemble, and may
present more opportunity for improper assembly and
consequential high pressure fuel leakage at each of the
multiple fuel path joints in the adapter.

~ The present invention provides a bulkhead-fluid-line
‘connector having a single fluid path joint generally
where the fluid line assembly passes through the bulk-
“head. The single connection is relatively easier to prop-
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erly asemble and minimizes the number of potentlal
sources of high pressure fuel leakage due to 1mproper
assembly. -

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic cross-sectional view of the
present invention as incorporated 1n a valve-rccker-

cover of an internal combustion engine; -
FIG. 2 is a diagrammatic enlarged partial view of
FIG. 1 taken in the area indicated by circle II; and
FIG. 3 is a diagrammatic view similar to FIG. 2 of . an
alternatwe embodiment of the present mventlon

BEST MODE FOR CARRYING ouUT THE
INVENTION

Referring to FIGS. 1, 2, and 3, wherein similar refer-
ence numbers designate similar components-in all the
views, a typical application of the bulkhead-fluid-line
connector 10 is shown for joining and supporting a
tubular fluid line assembly 12 which passes through a
chamfered aperture 14 of a housmg wall 16 associated
with an internal combustion engine 18.

The tubular line assembly 12 includes an outer or first
fluid line 20 and an inner or second fluid line 22 both of
which are adapted to internally conduct a pressurized
fluid such as fuel. The housing wall 16 has outside and
inside flat parallel surfaces 24,26, and in the embodi-
ments illustrated, forms an integral part of a valve-rock-
er-arm housing 28 although the connector 10, housing
wall 16, and aperture 14 therethrough referred to may
be located elsewhere through the engine 18 as a conve-
nience such as angularly through a sidewall 30 and top
deck 32 of a cylinder or combustion chamber head 34
shown in phantom outline.

Referrmg more partlcularly to FIG. 1, a fluid supply
tank 36 is connected in series to a fluid transfer line 38,
a conventional fluid-metering pump 40, the outer line
20, the inner line 22, and a conventional fluid injection
nozzle 42. The fluid injection nozzle 42 is convention-
ally mounted within the cylinder head 34 and communi-
cates with a combustion chamber 44 defined within an
engine block 46 also shown in phantom outline. The
inner fluid line 22 and a conventional valve-rocker-arm
assembly (not shown) are enclosed by the valve-rocker-
arm housing 28, which is shown partially in cross sec-
tion and partlally in phantom outline, and a housing
cover 48 which is removably fastened to the housmg 28
by a plurality of bolts §0.

The bulkhead-fluid-line connector 10 comprises an
enlarged end portion 52 integrally formed on the outer
line 20; another enlarged end portion 54 integrally
formed on the inner line 22, the end portions §2,54 being
sealably mateably complementarity; and means 56 for
releasably coupling the fluid line end portions §2,54 in
direct surface-to-surface sealable contact. Preferably,
the releasable coupling means 56 is adapted to extend
through the housing wall aperture 14 and to be releas-
ably clamped against the outside and inside housing
wall surfaces 24,26.

Referring to FIG. 2, the releasable coupling means 56
includes an elongated fitting 58 slideably positioned and
extending through the housing wall aperture 14, first
and second collars or washers 60,62, a first retainer such
as an internally-threaded nut 64 releasably clamping the
fitting 58 against the outside and inside housing wall
surfaces 24,26, and a second retainer such as an internal-
ly-threaded cap nut 66 releasably coupling the mateably
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complementary end portions 52,54 of the outer and
inner fluid lines 20,22 in direct surface-to-surface seal-
“able contact.

The exterior of the fitting 58 preferably has an en-

larged hexagonally shaped head-end portion 68, which
1s of a larger diameter than that of the housing wall
aperture 14 and defines an external annular shoulder 70;

another or externally-threaded end portion 72, and an
intermediate annular guide portion 74 which slideably
fits in the housing wall aperture 14. The interior of the

fitting 58 defines a stepped longitudinal bore 77,
“through which the fluid line assembly 12 passes, having
an internal annular shoulder 78. The external shoulder
70 of the fitting 58 abuts one of the inside or outside
surfaces 26,24 of the housing wall 16 and the first re-
tainer 64 releasably and threadably connects to the
externally threaded portion 72 of the fitting 58 and abuts
the other of the inside or outside surfaces 26,24 of the
housing wall 16 thereby releasably securing the fitting
58 to the housing wall 16 and merely subjecting the wall
to a harmless compressive stress state. In the preferred
embodiment, the fitting 58 is oriented so that the fitting
shoulder 70 abuts the inside housing wall surface 26.
Furthermore, the inside surface 26 of the housing wall
16 1s preferably provided with an integral outwardly
projecting rib or lug 75 having a flat face 76. The rib 75
is oriented, for example, horizontally or, alternatively,
vertically so that one of the flat sides of the hexagonal
head-end portion 68 of the fitting 58 can slidably and
radially abut the rib flat face 76 thereby preventing
rotation of the fitting 58 within the housing wall aper-
ture 14 as the first or second retainers 64,66 are fastened
to or loosened from the fitting 58. An annular fluid seal
79 is positioned snugly on the fitting 58 between the first
retainer 64 and the fitting guide portion 74. The second
retainer 66 is thereafter also releasably and threadably

connected to the threaded end portion 72 of the fitting
58.

line 20 is cold formed by a tube swaging operation and
has an annular shoulder 80 and an external end surface
82 which is frusto-conically shaped to an included angle
of about 60°, Similarly, the another enlarged end por-

tion 54 of the second line 22 is cold formed by a tube

swaging operation and has an external annular frusto-
conical shoulder 84 and a frusto-conical internal end
surface 86 which is sealably, mateably complementarity
with respect to the end surface 82 of the outer line 20.

Preferably prior to the tube swaging operation, the
first and second collars 60,62 are slideably positioned
adjacent the nonenlarged end portions 52,54 of the
respective outer and inner fluid lines 20,22 so that the
collars 60,62 become pressed onto the respective lines
20,22 by an interference fit during the tube swaging
operation. As shown in FIG. 1, the inner line 22 is simi-
larly provided with a third collar or washer 88 and a
shideable third retainer or cap nut 90 before the inner
line is swaged at its opposite end portion. Furthermore,
the releasable coupling means 56 preferably includes at
least one fluid leakage path 92 extending adjacent the
Joint of the contacting fluid line end surfaces 82,86 and
leading to the outside of the second retainer 66. The
fluid leakage path 92 includes a cavity 94, defined by the
inside of the second retainer 66 and one or more angu-
larly drilled passages 96 located in the first collar 60.
Two parallel and spaced apart passages 96 are prefera-
bly provided as shown to ensure that one of the pas-
sages 96 will always communicate with the cavity 94

Preferably, the enlarged end portion 52 of the outer .
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regardless of which side of the first collar 60 abuts the
annular shoulder 80 of the first line 20 during assembly.
Another annular fluid seal 98 is positioned in a radially
peripheral annular groove 100 of the second collar 62.
The two annular seals 79,98 tightly seal the fluid leak-
age path.92 from the inside surface 26 of the housing
wall 14 and, consequently in the embodiments illus-

trated, seal the fluid leakage path 92 from the inside of
the valve-rocker-arm housing 28.

FIG. 3 illustrates an alternative embodiment of the
present invention which basically differs from that
shown in FIGS. 1 and 2 in that the internal shoulder 78’
of the fitting bore 77 is positioned closer to the head-
end portion 68 of the fitting 58'. The releasable coupling
means 56’ further includes an elongated sleeve 102 posi-
tioned concentrically, between the first line 20 and the
fitting 58', and transversely slideably positioned be-
tween the first collar 60 and the second retainer 66. A
first annular clearance 104 is provided concentrically
between the sleeve 102 and the fitting 58' and a second
annular clearance 106 is provided between the sleeve

102 and the first line 20. The releasable coupling means

56’ shown in FIG. 3 effectively shortens the required
overall length of the inner line 22 in order to facilitate
easier installation and removal of the inner line within
the housing 28. In FIG. 3 instead of providing the pas-
sage or passages 96 in the first collar 60, alternatively,
the sleeve 102 may, for example, be provided with a
cross hole 108 drilled through its middle portion or a
notch (not shown) at either end of the sleeve 102.

INDUSTRIAL APPLICABILITY

While the assembly and operation of the present in-
vention is believed clearly apparent from the foregoing
description, further amplification will be made in the
following brief summary of such assembly and opera-
tion. |

To assemble the fluid line assembly 12 through the
housing wall 16, an unbent and nonswaged inner line 22
1s slideably passed through the second collar 62 and
bore 77 of the fitting 58. With the fitting 58 temporarily
slideably positioned out of the way, the second collar 62
is slideably positioned adjacent the end portion 54 of the
inner line 22 and then the end portion 54 is enlarged by
swaging to form the internal frusto-conical surface 86,
external shoulder 84, and an interference fit between the
second collar 62 and the inner line 22. The opposite end
portion of the inner line 22 may at the same time be
provided with the third retainer 90, which is temporar-
ily remotely slideably spaced while the opposite end

‘portion is swaged, and the third collar 88 which is press-

fitted thereon. The second line may then be bent to a
preselected shape in order to fit within the housing 28

and connect between the releasable coupling means 56

and the flmid injection nozzle 42. |

The annular seal 98 is positioned in the groove 100 of
the second collar 62 and the second collar 62 is then
snugly positioned in the fitting bore 77 against the inter-
nal shoulder 78 of the fitting 58. |

With the housing cover 48 removed from the housing
28, the inner line 22 and the components 58,62,88,90,98
assembled to or trapped on it are positioned in the hous-
ing 28 and the fitting 58 is slideably positioned through
the housing wall aperture 14 until one of the sides of the
hexagonal head-end portion 68 radially abuts the flat

- face 76 of the housing wall rib 75, the external shoulder

70 abuts the inside surface 26 of the housing wall 16, and
the externally threaded portion 72 of the fitting 58
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projects outwardly from the outside surface 24 of the
housing wall 16. The annular seal 79 is then posn:loned
on the exterior of the fitting 58 between the threaded
end portlon 72 and the guide portion 74. The first re-
tainer 64 is then loosely threadably fastened to the fit-
ting threaded end portion 72. The third retainer 90 is
then threadably fastened to the fuel injection nozzle 42.
At this point the first retainer 64 may be threadably

tightened thereby clamping the fitting 58 against the
outside and inside housing wall surfaces 24,26 and sub-
jecting the housing wall 16 to a harmless compressive
stress state between the first retainer 64 and the head-
end portion 68 of the fitting 58. This ensures that the
fluid line assembly 12 may be supported and secured to
a low frequency vibrating structure such as the valve-
rocker-arm housing 28 without adversely stressing or
cracking the housing. The outer line 20 is then posi-
tioned so that the end surfaces 82,86 are in direct seal-
able mating contact and the second retainer 66 is thread-
ably tightened onto the threaded end portion 72 of the
fitting 58 so that the end surfaces 82,86 seal against each
other. The bulkhead-fluid-line connector 10 having a
single fluid path joint is relatwely easier and less time
consuming to assemble and service as compared with
adapters having multiple fluid path joints and thereby
minimizes the number of potentlal sources of high pres-
sure fuel leakage due to improper assembly

In operation a fluid, such as fuel, is delivered from the
fluid supply tank 36, through the fluid transfer line 38,
and then through pump 40 where the fluid is periodi-
cally metered and delivered under high pressure
through outer line 20, through inner line 22, through
fluid injection nozzle 42 and sprayed into the engine
combustion chamber 44.

In the event that the second retainer 66 is not prop-
erly tightened, high pressure fluid leaking between the
end surfaces 82,86 of the single fluid path connection
will be prevented by the seals 79,98 from entering the
housing 28 and contaminating or diluting a lubricating
fluid which is normally circulated therein. In FIG. 2
any fluid leakage may flow into the second retainer
cavity 94 and out to the exterior of the second retainer
66 via either one of the angularly drilled passages 96 in
the first collar 60 or along the threaded end portion 72
of the fitting §8. In FIG. 3, any fluid leakage will flow
out to the exterior of the second retainer 66 either via
one of the collar passages 96 and second annular clear-
ance 106 or along the first annular clearance 104 and
past the threaded end portion 72 of the fitting 58'.

While the invention has been described and shown
with particular reference to the preferred embodiments,
1t 1s apparent that variations are possible that would fall
within the scope of the present invention which is not
intended to be limited, except as defined in the follow-
ing claims.

I claim:

1. A bulkhead-fluid-line connector (10) for joining
and supporting a tubular fluid line assembly (12)
adapted for passing through an aperature (14) of a hous-
ing wall (16), said housing wall (16) having outside and
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inside surfaces (24,26), said fluid line assembly (12) in-

cluding first and second fluid lines (20,22), said bulk-

head-fluid-line connector (10) comprising:

an enlarged end portion (52) integrally formed on the
first line (20) and having an externally disposed and
frusto-conically shaped end surface (82);

another enlarged end portion (54) integrally formed
on the second line (22) and having an internally
disposed and frusto-conically shaped end surface
(86) which is sealedly matedly complementarity
with respect to said end surface (82) of the first line
(20); and

means (56) for releasably coupling said complemen-
tary end surfaces (82,86) of the fluid line end por-
tions (52,54) in direct surface-to-surface sealed
contact and thereby solely creating a single fluid
path joint between the first and second fluid lines
(20,22) generally where the fluid line assembly (12)
is adapted to pass through the housing wall apera-
ture (14), wherein said releasable coupling means
(56) includes a fluid leakage path (92) extending
adjacent the single joint of the sealedly contacting
fluid. line end surfaces (82,86) and adapted to be
sealed from said inside surface (26) of the housing
wall (16) and further adapted to lead only to the
outside of said housing wall (16) said releasable
coupling means (56) further includes a fitting (58),
first and second rétainers (64,66), and first and
second collars (60,62), said fitting (58) adapted to
slidably extend through said housing wall apera-
ture (14) and defining a stepped longitudinal bore
(77) having an internal shoulder (78) through
which the fluid line assembly (12) passes, said fit-
ting (58) having an enlarged head end portion (68)
defining an external shoulder (70) and another end
portion (72), said fitting shoulder (70) adapted to
abut one of said inside or outside housing wall
surfaces (26,24), said first retainer (64) releasably
connected to said another end portion (72) of the
fitting (58) and adapted to abut said other of the
inside or outside housing wall surfaces (26,24), said
second retainer (66) also releasably connected to
said another end portion (72) of the fitting (58) and
releasably coupling said complementary end sur-
faces (82,86) of the fluid line end portions (52,54) in
direct surface-to-surface sealed contact, said sec-
ond collar (62) sealedly positioned in said fitting
bore (77) against said internal shoulder (78) of the
fitting (58) and abutting said second line another
end portion (54), said first collar (60) positioned
between said first line end portion (82) and said
second retainer (66).

2. The bulkhead-fluid-line connector (10) as in claim

1 wherein said fluid leakage path (92) includes a cavity

(94), defined by the inside of the second retainer (66),

and at least one passage (96) located in the first collar
(60) which communicates the cavity (94) with the exter-

nal surface of said second retainer (66).
% * % * 5
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